Interaction of acoustic and light waves with accounting for elastooptic and elastogyration
Introduction
Piezogyration (PG) effect termed often as elastogyration (ElG) manifests itself as a change in optical activity of a me− dium, in particular of a crystal, under the action of mechani− cal stress or strain. Contrary to the better known elastooptic effect, the PG can exist only in non−centrosymmetric media. The relation for the optical−frequency dielectric permittivity e ij in the presence of PG and ElG may be written as 
where d b lkrt lkmn mnrt C = is the fourth−rank axial tensor of ElG defined in the units of the reciprocal mechanical strain S rt , b lkmn is the fourth−rank axial tensor of PG defined in the units of the reciprocal mechanical stress s mn , C mnrt is the elastic stiffness tensor and k k is the light wave vector, g g g lk lk lk = + 0 D is the complete second−rank axial gyration tensor, g lk 0 is the gyration tensor describing natural optical activity, Dg lk is the increment of the gyration tensor due to PG and ElG effects and, finally, e ijl stands for completely antisymmetric unit axial Levi−Civita tensor. Here, we write the increment of the gyration tensor as
or Dg S lk lkrt rt
Probably, the first definition of the PG effect "The 'pie− zogyration' tensor means the tensor equal to the rate of change of the gyration tensor with the stress tensor at zero value of the stress tensor" formulated Aizu in 1964 [1] . The axial fourth−rank tensors that describe both the PG and the quadratic electrogyration effects for all of the point symme− try groups have been derived in Refs. 1 and 2. The analysis of the PG effect for crystals belonging to some of symmetry groups has been also reported in Ref. 3 .
We have shown in our report [4] that the propagation of ultrasonic waves in crystals exhibiting the PG should give the rise to diffraction grating based on the modulation of antisymmetric part of dielectric permittivity, thus leading to appearance of a separate kind of diffraction of optical radia− tion. These phenomena have been called as acoustogyration (AG) diffraction of light, an analogue, in many respects, of the ordinary acoustooptic (AO) diffraction. As it is well known, the latter represents a phenomenon that manifests it− self in diffraction of optical radiation on the grating created through perturbation, via photoelastic coupling, of the real part of dielectric permittivity. It is interesting to remind that the analogical effect has been described and experimentally studied while recording dynamic holograms in some photo− refractive crystals [5] , though the reasons for creation of dif− fraction grating in the latter case are photorefraction and electrogyration effects. It is necessary to note that the effect of natural optical activity upon the AO interaction is well known and it is used while designing AO devices [6] [7] [8] [9] [10] [11] . At the same time, as far as we know the AG diffraction has not been studied in a sufficient detail. Moreover, despite the fact that the AG effect does not represent a quite novel problem, there has not been yet enough unambiguous experimental data on its detection.
Some important basic peculiarities of the AG diffraction have been revealed and described in Ref. 4 . Namely, the con− ditions for observation of this effect in crystals of different point symmetry groups have been analyzed. Furthermore, a collinear interaction of light radiation and acoustic wave, propagated along the optic axis of optically uniaxial optically active crystals, has been found out to be one of the most fa− vourable for investigation of this effect, because the AO dif− fraction does not arise in this case and it is only the AG inter− action that should be observed. It has also been shown that, unlike the AO diffraction, the AG one can be only aniso− tropic, i.e., the incident and diffracted beams should have or− thogonal polarizations. The coefficient determining the AG figure of merit has been derived in Ref. 4 and the effect seems to have indeed been observed experimentally in the quartz crystals. However, a routine mathematical analysis of the AG interaction in this work has been mainly performed, using natural analogies between the AO and AG parameters. As a consequence, the relations for the AG efficiency and the figure of merit obtained in Ref. 4 reflect, in general, the main features of the effect but are not accurate enough as for assessing the phenomenon quantitatively.
Recently, we have made an attempt to reveal the AG ef− fect in the quartz crystals [12] , but the frequency of the acoustic wave generated by piezoelectric transducer has been far from the Bragg conditions. Moreover, a number of parasitic effects (e.g., divergence of the acoustic wave, heat− ing the sample by transducer, multiple reflections of the acoustic wave from the lateral sides of a sample) would ne− cessarily influence the final experimental results, though they have not been taken into account properly.
The aim of the present work is a thorough theoretical de− scription of the phenomena mentioned above, derivation of quantitative relations for the AG diffraction efficiency and the AG figure of merit. The second goal is experimental study of the AG diffraction and the PG in quartz and para− tellurite crystals and a comparison of the corresponding data with the theoretical predictions. Furthermore, we would like to predict the possibilities for experimental observation of the AG effect for different materials and experimental con− ditions.
Experimental

Experimental approach
Let us consider propagation of polarized light along the op− tic axis Z in an optically uniaxial crystal possessing optical gyration. Two light eigenwaves are excited in such a crystal, with right r and left l circular polarizations and equal inten− sities (I I E l r = =1 2 0 2 , with E 0 being the amplitude of the electric field of electromagnetic wave). The oscillations of the electric field vectors E x and E y along the X and Y axes that correspond to the right and left circularly polarized waves are given respectively by the expressions
and
Here w is the frequency, j is the reference phase, and d is the phase difference appearing between the right and left circularly polarized waves. The latter is caused by the opti− cal activity effect and is determined by the difference in the phase velocities of the right and left waves, or their indices of refraction n r and n l
Let the geometry of anisotropic diffraction be collinear, i.e., the incident (in) and diffracted (d) light waves propa− gate along the same direction as the acoustic (ac) wave. In other words, we have the conditions K k k ac in d . Let a lon− gitudinal acoustic wave be excited, which propagates along the Z axis in the quartz or paratellurite crystals (their point symmetry groups being 32 and 422, respectively). Then, one can write out the relations for the optical−frequency polarization in the following form 
where DP 1 w and DP 2 w denote the increments of X− and 
As one can easily see, the anisotropic diffraction in the mentioned case can be affected only by the AG interaction, while the AO interaction should not manifest itself at all. Moreover, the sign "minus" in the second row of Eqs. (8) suggests that the diffracted radiation would have the oppo− site circular polarization, when compared to the incident one. Otherwise, if the incident radiation is linearly polar− ized, the collinear AG diffraction would manifest itself in energy transfer between the circularly polarized eigenwa− ves, while the 'direction' of this transfer (form left to right wave or vice versa) is determined by the sign of optical ac− tivity. This process is presented schematically in Fig. 1 , using simple wave vector diagrams.
It is natural to determine the diffraction efficiency as the ratio of intensities of the diffracted (e.g., left) and the inci− dent (right) waves or as a quantity, which is mathematically coupled with the emergent light ellipticity. It follows from the mentioned above that there may be two different pola− rimetric schemes of the corresponding experiment, the inci− dent light is circularly polarized, then one should measure the intensity of the diffracted light with the opposite circular polarization, and (b) the incident light has linear polariza− tion and the emergent one is elliptical, or vice versa. In the latter case just the ellipticity is a measure of the diffraction efficiency. The two relevant experimental schemes are pre− sented in Fig. 2 . Now let us derive the relation for the AG efficiency. The intensities of the diffracted circular waves may be repre− sented as
where DI means the change in the intensity due to the dif− fraction and h = DI I is the diffraction efficiency of AG in− teraction. Then, Eqs. (4) and (5) 
where
The two orthogonal components of the electric field ap− pearing owing to interference may be given by
The solutions of this system of equations with respect to cos( ) w j t + and sin( )
In fact, this is equation of an ellipse rotated by some an− gle d in the XY plane. This angle is defined by the optical ac− tivity of a crystal 
where n n G n r l -= 0 , l is the light wavelength, n 0 is the ordinary refractive index, and G is the scalar gyration pa− rameter. In the eigen coordinate system, Eq. (15) reduces to
It is evident that the ellipticity of the emergent light is defined only by the diffraction efficiency h. Thus, one can determine the AG diffraction efficiency provided that the emergent light ellipticity is known from the experiment. In order to find this ellipticity, one can use a standard quar− ter−wave compensator. In this case, the rotation angle of po− larization plane for the light passed through the quarter− −wave plate may be presented as
The diffraction efficiency is then given by the relation
Experimental procedures
Our experimental studies of collinear interaction of the light radiation and the acoustic wave in the quartz and para− tellurite crystals were carried out with the aid of standard ellipsometer LEF−3M−1, which permitted measuring rota− tions of the polarization plane with the accuracy of Dj = ± ¢ 1 . The sample of quartz had the dimensions 98´26 12 mm 3 , with the longest side oriented parallel to the optic axis (i.e., Z direction), while the sample of paratellurite had the dimensions 40´10´10 mm 3 , with the same orientation (see Fig. 3 ).
In the first case of our experiment with the quartz crystals, the piezoelectric transducer was glued by epoxy glue at the Z face of the sample. To provide the possibility for the light to propagate through the transducer, a little hole (f = 1 mm) was drilled in the centre of a transducer plate. The piezoelectric transducer had the resonant oscillation frequency equal to 2.6 MHz. It was fabricated on the basis of standard PZN cera− mics and excited longitudinal acoustic waves. The square of the transducer plate was equal to 8´10 mm 2 .
Notice that the resonant frequency of the transducer was far from the Bragg diffraction condition (W B = 066 . MHz). The latter frequency may be calculated using the relation W B Gv n = 33 0 l , where v 33 6320 = m/s stands for the ve− locity of longitudinal acoustic wave and l = 632 8
. nm is the optical wavelength.
The divergence of the acoustic beam in the case of piezo− electric transducer fabricated on the basis of PZN ceramics was estimated with the aid of relation g = arcsin .
122L D (D @ 9 mm being the linear dimension of the transducer and L =´-2 4 10 3 .
the acoustic wavelength). It was approxi− mately equal to g @°19 . This means that the acoustic waves reflected from the front and back faces of a sample and its la− teral faces can interfere with the onward wave, leading to ap− pearance of spatial harmonics of the acoustic field. Moreover, such a divergent acoustic wave includes the acoustic wave vectors which deviate from the direction of an optic axis by g @°19 . This deviation may lead to appearance of small−an− gular anisotropic AO diffraction which could behave simi− larly to the AG one. In order to prevent reflections of acoustic wave from the faces, we used so−called dampers. These were prepared from organic−glass plates having one side polished and the other ribbed. The dampers were adjusted to the sam− ple faces from the polished side, using oil as an intermediate layer for reaching acoustic matching. Thus, the acoustic wave moved out of a sample through the boundary between the sample and the organic−glass plates and then scattered off the ribbed opposite side of the glass.
In the second case of our experiments with SiO 2 and TeO 2 crystals we used piezoelectric transducer fabricated on the basis of LiNbO 3 crystal, with the resonant frequencies that satisfied the Bragg conditions for the quartz and para− tellurite crystals (W B = 066 . MHz and W B = 2 0 . MHz, re− spectively). The cross section of the piezoelectric transducer made using the LiNbO 3 crystal was the same as the cross sec− tion of the crystals under study, thus preventing the acoustic wave divergence and its reflection from the lateral faces.
In our experiments we used mainly the scheme (a) shown in Fig. 2 . This scheme actually corresponds to the well−known Senarmont technique for measuring the ellip− ticity of light. The scheme (b) was employed only for check− ing the experimental results. The ellipticity caused by the AG interaction was strictly measured with rotating polarizer 3 provided that the intensity of light passed through analyser 6 was compensated. Prior to measurements of acoustically induced changes in the optical properties of the crystals un− der test, their natural optical rotation was compensated by rotating the polarizer in a proper manner.
We have experimentally studied the PG in TeO 2 crys− tals, which belong to the point group of symmetry 422. The matrices of both polar and axial tensors of a rank four have the same form for this symmetry group [13] , so that we present here only the matrix for the PG tensor: . (20) Equation (20) 
where B n
is the optical−frequency impermeability at zero stress, n 0 is the ordinary refractive index, and p 13 is the piezooptic coefficient. Thus, such external action should leave the crystal optically uniaxial. On the other hand, opti− cal activity should change its value due to the PG effect
where Dr denotes the increment of specific rotation of polar− ization plane and l is the wavelength of optical radiation. When the light propagates along the optic axis and the com− pressive stress is applied along the same direction, the accom− panying linear optical birefringence in the Z direction does not appear. Then, it is possible to study the PG effect via direct measurements of the rotation of polarization plane. The optical set−up is presented in Fig. 4 . Linearly pola− rized light of He−Ne laser 1 was transformed into circularly polarized one with a quarter−wave plate 2 and then linearly polarized beam was formed with polarizer 3 installed onto rotation stage. Quarter−wave plate 2 and polarizer 3 were used in order that the linearly polarized light incident on the input surface of sample 4 had the intensity independent of any rotations of the polarizer. The angle of rotation of the light polarization plane was measured with the aid of Fara− day cell 5, analyser 6, photomultiplier 7 and oscilloscope 8.
The sample was inserted into a special device designed for application of longitudinal mechanical stresses (see Fig. 5 ). Mechanical tension of the sample was caused by the system of arms that pushes the hollow rod, with the hole dia− meter of f = 5.0 mm. For making the stress distribution more homogeneous, the rod was supplied by cricoid tip with a hole (f = 1.0 mm). On the other side of the sample, the prop with the same hole was mounted on the massive rest. The corresponding relation for the compressive stress may be written as
where F 1 is the force applied to one of the arms, d 1 . mm and the cross section S = 32 87 . mm 2 was prepared for our experiments.
Experimental results
Study of AG diffraction in quartz crystals at frequency far from Bragg conditions
As it can be seen from Fig. 6 , applying of acoustic signal leads to well visible increase in optical transmission of our system, thus evidencing that acoustic wave affects optical properties of quartz crystals. We have measured the fre− quency dependence of acoustically induced polarization plane rotation Dj and the intensity of transmitted light at the constant level of acoustic signal (the root−mean−square volt− age amplitude being 10 V). These dependences are pre− sented in Fig corresponding dependence of the rotation of light polariza− tion plane, though the both dependences should correspond to the frequency dependence of the diffraction efficiency. Notice that here we have used no dampers. Thus, it would be reasonable to assume that relatively large optical trans− mission is not associated with the AG but is caused, proba− bly, by a divergence of the acoustic wave and the corres− ponding AO interaction (see the discussion above).
Let us check if we have indeed observed the AG effect using the scheme (b) (see Fig. 2 ). The technique for check− ing is based on the fact that the AG for right−handed crystals should manifest itself in the energy transfer from the right to left circular wave but not vice versa (see Fig. 1 ). As a result, if the sign of circular polarization of the incident light be changed, the AG diffraction should exist in one of the cases, and should be absent in the alternative case. It has been found experimentally that some kind of diffraction exists in the both cases. This fact suggests that, at least partly, the phenomena observed by us stem from a parasitic AO inter− action rather than the AG effect itself.
To eliminate the influence of the parasitic AO diffrac− tion, which is in fact "quasi−collinear", we have used the dampers described above. The results of the corresponding experiments are presented in Fig. 8 . It is clear that utilization of the lateral dampers leads to appearance of the intensity peak at the central (resonant) frequency and essential de− crease in the peak observed for the rotation of polarization plane. Adding the damper to the Z faces of the sample does not essentially change the value of the rotation of polariza− tion plane (see Fig. 9 ). Nonetheless, we have found that a drift of polarimetric extinction position observed in the vi− cinity of transducer resonant frequency occurs if the acous− tic signal is applied. Switching−off of the acoustic signal re− sults in a long time relaxation of the rotation angle of polar− ization plane and it takes approximately 7-10 min for the polarization azimuth to return to its initial position.
We have supposed that the transducer heats the sample at the resonant frequency. The change in the sample tempe− rature occurred in the vicinity of the transducer has been measured with a thermocouple. One can see from Fig. 9 that the frequency behaviour of this temperature change is simi− lar to the corresponding dependence of the rotation of pola− rization plane and the maximal change in the temperature at the resonant frequency is approximately equal to 0.8 K. It is necessary to stress that such a temperature change is enough for rotating the polarization plane by the angle of 0.06 deg, as a result of thermogyration effect in the quartz crystals [14] . Thus, one can suppose that the observed diffraction in− tensity is primarily caused by the parasitic AO diffraction, which is related to divergence of the acoustic beam and its multiple reflections, while the rotation of polarization plane is at least partly caused by sample heating and a subsequent thermogyration effect.
PG in paratellurite crystals
We have found that paratellurite crystal is levorotary and its specific optical rotation is equal to r = -86 deg/mm at l = 632 8 . nm. The value agrees well with that previously obtained in the work [15] (r = -± ( . . ) 86 9 0 5 deg/mm). The compressive mechanical stress causes increasing natural op− tical rotation. For checking whether any "parasitic" linear birefringence is induced by mechanical stress or not, we have performed complementary experiments. Namely, we have measured the rotation angle of the azimuth of polariza− tion ellipse of the emergent light depending on the polariza− tion azimuth of the incident light (see Fig. 10 ). As one can see from 
denotes the angle of optical rotation linked to the natural optical activity, Dj is the increment of the optical rotation resulted from the PG,
is the retardation caused by intrinsic linear birefringence, and Dd is the increment of that retardation related to the piezooptic effect.
Basing on numerical simulations of Eq. (24), one can find that the amplitude of oscillations of the polarization el− lipse could achieve the magnitude 1.5-3.0 deg of only if the linear birefringence were of the order of 10 -3 , while its piezo−induced increment were equal to 10 -4 . Notice that the both values are unrealistic. Hence, one can conclude that the scattering of experimental data seen in Fig. 10 results from the experimental errors, which in our case are as large as 34%. Nonetheless, if the linear birefringence really exists in the Z direction of TeO 2 crystals, its influence on the results of our measurements would fall within the range of the experimental errors.
The increment of the specific rotation of polarization ellipse vs. mechanical stress is shown in Fig. 11 Nm -2 and C 1133 11 0 2 10 =.
Nm -2 [14] N/m 2 .
Collinear AG diffraction in quartz and paratellurite crystals under the Bragg conditions
As it can be seen from Figs. 12(a) and 12(b), no essential changes occur in the polarization state of light transmitted through the quartz and paratellurite crystals in the vicinity of the Bragg frequency, even if the resonant frequency of pi− ezoelectric transducers is exactly matched with the Bragg frequency. The frequency dependences of the AG diffrac− tion efficiency have been obtained for different azimuths of linearly polarized incident light. Here, a non−compensated intensity of light passed through the quarter−wave plate ap− pears in the vicinity of 2 MHz, in particular for the case of TeO 2 crystals. Moreover, the maximum value of this inten− sity depends on the orientation of polarization plane of the incident light. In addition, it is worth noting that the para− tellurite crystals cause some light scattering that leads to lower accuracy of polarimentric measurements. All these facts suggest that some residual linear birefringence exists in TeO 2 crystals in the Z direction. Then, the non−compen− sated light transmittance of the polarization system ob− served by us is in fact caused by the anisotropic AO diffrac− tion rather than the AG diffraction itself. For the quartz crys− tals we have observed no anomalous behaviour of the AG efficiency near the Bragg frequency [ Fig. 12(a) ], whereas the non−compensated light transmittance of the polarization system has been very small. These facts testify that the AG diffraction in the crystals under test is too small for revealing experimentally.
Theoretical description of AG interaction
To proceed further on, we need explicit relations for the AG diffraction efficiency taking the acoustic wave power and the optical constitutive coefficients of our materials into consideration. Let us derive those relations. The optical−fre− quency dielectric impermeability of optically active crystals for the case of light propagation in the Z direction is given by [17] B n B B B B 
where e 1 2 , are the dielectric constants, n 1 2 , are the refractive indices, n is the mean refractive index, b knml is the PG ten− sor, and s ml are the mechanical stresses.
The dielectric permittivity e (22) and (23) . (29) The difference of dielectric permittivities of the perturbed and non−perturbed crystals is then defined by the relation 
while the relative change in the dielectric permittivity reads as follows 
Equation (31) describes a general case for the changes in the dielectric permittivity of crystals that accounts for both the elastooptic and ElG effects. As one can easily see, the equation is too cumbersome for any strict analysis. However, in the case of our experiments with the quartz and paratellurite crystals we have the conditions B B B 
and 
The diffraction efficiency of interaction of the light radi− ation and the acoustic wave for the case of our experiment should be defined only by the second term in Eq. (36) 
It is necessary to note that Eq. (39) is exactly the same as obtained in Ref. 4 . The AG diffraction efficiency may be ex− pressed as . However, in order to reach such the value of diffraction efficiency, the power of acous− tic wave should be P W a ³ 11 , while in our experiments this value does not exceed » 0 04
. W. Thus, the acoustic power and the ElG coefficient typical for the quartz crystals are not high enough for observing the AG diffraction of light. Now, let us find the AG figure of merit for TeO 2 crys− tals, for which r =5 99 10 3 .
kg/m 3 is the density, v 33 = 4.3´10 3 m/s is the velocity of longitudinal acoustic wave, and n o = 2.26 is the refractive index. We obtain the value 1.64´10 -17 s 3 /kg, which is two orders of magnitude larger than that for the quartz crystals. In spite of the fact that the magnitude of ElG coefficient plays the most important role while estimating the AG diffraction efficiency, the acoustic wave power needed for detection of the AG effect in paratellurite crystals still remains too high and should be some watts. Thus, the acoustic power for the both cases of quartz and TeO 2 crystals should be high enough for making the AG effect observable. That is why searching of optical materials with large ElG coefficients become of a vital im− portance when attempting to reveal the AG diffraction.
In this respect let us remind in brief of the PG properties of different crystals. Experimental investigations of PG un− der variations of hydrostatic pressure have been performed for the quartz and sodium chlorate crystals [20, 21] . How− ever, hydrostatic pressure is a scalar action and so the mani− festations of tensorial properties of the PG could not be re− vealed in Refs. 20 and 21. Later on, the PG has been studied in the quartz crystals under application of mechanical stress component s 33 [19] . The coefficient of PG tensor has been determined in Ref. 19 as being equal to b 3333 15 0 3 = ± ± ( . . )
´-10 12 m 2 N -1 , with the signs "±" corresponding respec− tively to levorotary and dextrorotary quartz crystals. It is worth noting that the PG effect observed commonly is very small and, probably, this is a reason of poor literature data related to the studies of that effect. Moreover, the ex− perimental conditions for studies of the PG are quite com− plicated. This is because the studies of this effect based on direct measurements of the rotation of light polarization plane, without inducing of accompanying linear piezooptic birefringence, require application of longitudinal stress along the optic axis in optically uniaxial crystals (or along <111> direction in some of cubic crystals).
However, there exists another condition for successful investigation of the PG in crystals. Namely, the measure− ments of the PG effect in GaAs, ZnSe, CdS and CdTe crys− tals [21] [22] [23] [24] have become possible due to existence of a so−called 'isotropic point' at a certain wavelength (the in− formation on the isotropic point may be found, e.g., in Ref. 25) . For example, for CdS crystals at the liquid−nitrogen temperature and the light wavelength of l = 511 nm, the the gyration tensor component 45 10 4 .´-has been found to ap− pear under the pressure of 0.074 kbar. This corresponds to the PG tensor component of the order of~10 -12 m 2 N -1 [23] . In GaAs crystals (T = 77 K and l = 917 nm) [22] , the gyra− tion 8.9´10 -4 appears under the pressure of 45 kg/mm 2 , thus corresponding to the PG coefficient~10 -12 m 2 N -1 at the light wavelength close to the absorption edge. Nonetheless, the conditions of observation of the PG in Refs. 22-24 have been quite complicated, otherwise low temperatures, fixed wavelength of the isotropic point, etc.
One of the first works devoted to experimental observa− tion of the PG effect induced by directed pressures, against the background of intrinsic and piezo−induced optical biref− ringences, was published in 1979 by Weber [26] . In this work, the magnitude of the PG tensor component has been determined for NaClO 3 crystals (10 -14 -10 -15 m 2 N -1 [26] ). The PG effect has also been studied for low−symmetry am− monium Rochelle salt crystals against the background of linear birefringence [27] . The coefficient b 1313 of the PG tensor has been determined as b 1313 13 46 08 10 = ±´-( . . ) m 2 N -1 for l = 633 nm and T = 287 K [27] . The appearance of ElG induced by spontaneous strain in the course of ferroelastic phase transition has been revealed in Ref. 28 . It has been shown further on that the PG or ElG effects could lead not only to changes in the already existing optical activity. Another result of those effects is a piezo−in− duced optical activity appearing in crystals, which remain optically inactive if no mechanical stresses are applied [29] . Such crystals should belong to the groups of symmetry 43m, 6mm, 4mm and 3m. On the basis of symmetry principles of twinning in ferroics, the authors of Ref. 29 have shown that the ferroelastic domains can be enantiomorphous under the phase transitions governed by the symmetry changes 43 42 mF m, 43 222 mF , 6mmFmm2, 4mmFmm2, 6mmF2 and 4mmF2. Then, switching of the domain structure by mechanical stresses should change a sign of the gyration tensor.
Anomalous behaviour of the PG effect in the course of ferroelastic phase transition in K 2 Cd 2 (SO 4 ) 3 crystals has been revealed in Ref. 30 . The coefficients of PG tensor were found to be of the order~10 -13 m 2 N -1 of [30] . It is worth− while to notice that the PG effect found in all the mentioned cases has proved to be too small for any practical use. The effect has been regarded as interesting from a purely aca− demic viewpoint rather than that of practical applications.
The largest PG coefficient has been revealed in CdS and GaAs crystals. For instance, b 2233 12 2 0 10 =´-.
for GaAs crystals [22] . The relation for the corresponding ElG coeffi− cient may be written as N/m 2 [14] . 33 = 1900 m/s, n = 3.1 and r = 5300 kg/m 3 [14] . Evidently, the AG figure of merit is still too small, despite a comparatively high value of ElG coefficient.
However, there exists another possibility for observation of these phenomena. Achieving the necessary strains driven by acoustic waves is not an easy problem, but these strains can naturally exist in ferroelastic materials. For example, standard strain caused by acoustic waves in crystals are of the order of 10 -3 , while the spontaneous deformation in ferroelastic crystals can achieve the values 10 -2 -10 -1 . More− over, ferroelastic domains can be optically active and so en− antiomorphous [29] . Then, the gyration would be spatially modulated by spontaneous deformation, owing to PG effect in multidomain ferroelastic crystals. The effect of diffrac− tion of optical radiation on such the domain structures has already been revealed by us in Ba 2 NaNb 5 O 15 crystals [31] , for which the ElG component (or the AG one for the stand− ing wave) has been separated. The coefficients of ElG and the photoelastic matrices estimated on the basis of diffrac− tion efficiency have turned out comparable with those for the other materials. Let us stress that the diffraction effi− ciency for the diffraction at enantiomrphous domain structure, due to ElG effect, can be high enough, Eq. (38), reaching tens per cent.
However, from the point of view of observation of the AG effect, liquid cholesteric crystals seem to be the most in− teresting. Their optical rotation can reach thousands of de− grees per millimeter [32] . Moreover, the longitudinal defor− mation of spiral pitch can be so large [33] that the ElG coef− ficient could reach~10 3 . Then, the AG figure of merit can be unusually high (M ag 2 7
10
-s 3 /kg). In this case, low va− lues of refractive indices, density and acoustic wave veloc− ity also support high value of the AG figure of merit, thus assuming the practical application of latter effect, e.g., for polarization modulation of optical radiation or at designing of polarizer's with acoustically controlled polarization state output. The results of experimental studies of the AG effect in liquid crystals will be reported in our forthcoming paper.
Conclusions
In The estimations of the AG figure of merit for some other crystals with high enough magnitudes of ElG coefficient (in particular, for GaAs crystals) reveal that this value is still two orders of magnitude smaller than the corresponding pa− rameter for the AO diffraction. On the other hand, our theo− retical analysis predicts that there might be optical materials for which the AG diffraction effect could be quite easily ob− served. The first example is the light diffraction at enantio− morphous ferroelastic domain structure under the condi− tions that a standing spatial wave of the modulated gyration is available. The AG diffraction could also be observed in many cholesteric liquid crystals.
